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throat element constituted by a confined space uncon- 
stricted from inlet to outlet wherein a fluid combustible 
mixture received through such inlet at one end of the 
confined space- is ignited within the passageway, passed 
through the confined space, and then discharged from 5 
the confined space through such outlet at the other end 
of the confined space as a stream of hot burning gases to 
produce a flame having a high heat transfer intensity, a 
high velocity and substantial thrust 

For satisfactory results, it is essential that conditions 10 
during combustion be maintained such that K is between 
75 and 750 in the equation: 

K ~AJ>.W 

wherein: 

^^cross-sectional area of said stream of fluid com- 
bustible material at the point of introduction thereof 
to said confined space, in square inches 
A o —cross-sectional area of said stream of burning com- 
bustible material at the point of discharge from said 
confined space, in square inches " 
p i== pressure a t the point of introduction of said stream 
of fluid combustible material into said confined space, 
in pounds per square inch absolute 
P 0 =pressure at the point of discharge of said stream of 
burning combustible material from said confined space, 
in pounds per square inch absolute 
^ = weight of fluid combustible material consumed, in 
pounds per second. 

In detail, gun 10 comprises a burner 11 having a 
hollow cylindrical section 12 tapered at one end toward, 
an integral elongated, centrally bored barrel 13 and open 
at its other end for the reception of a fuel injector 14 
having a central passageway. IS axially aligned with the 35 
axis of barrel 13. A threaded mid-section of the injector 
engages a tapped portion 16 of section 12, the injector 
being held in preselected axial position, in the burner by 
a lock nut 17 
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which pass forwardly at high velocities through the 
unconstricted confined space of the throat and are then 
discharged from outlet 30 at the mouth of barrel 13 as 
a flame jet The coating particles entrained in the com- 
bustion gases are then ejected from the gun in a directed 
flame jet having a high heat transfer intensity, a high 
velocity and substantial , thrust. In order to prevent 
excessive heating of the barrel 13 during operation, a 
sleeve 31 is disposed around the barrel in radially out- 
wardly spaced relation to form a water jacket 32 through 
which cooling water can be circulated via inlet 33 and 
outlet 34. " ' ■ 4 

Coating material may also be introduced directly into 
the combustion zone in powder form or in the form of 
a rod. The latter is illustrated in Figure 2, wherein ah 
elongated rod 40 of solid coating material is introduced 
through an opening 41 at the back end of the injector 
14, extends longitudinally therethrough, and projects 
from mixer 19 sufficiently forward into the rear portiort 
of throat 21 that its forward tip lies in the combustion 
zone. The rod is moved positively by any suitable 
driving means, such as for example, oppositely rotating 
friction wheels, shown schematically at 42, which engage 
opposite sides of rod . 40. An O-ring 43 serves to seal 
opening 41* ■ 

It will be seen that a spray gun employing a throat 
combustion type burner has the unique advantage that 
the path of the particles throughout its passage through 
the confined combustion and discharge space is not con- 
stricted and, consequently, the particles meet no obstruc- 
tions upon which they might lodge and cumulatively plug 
the passageway. . _ 

In a modified type of spraying gun shown m Figure 3, 
the burner employed is of the type where combustion, 
occurs internally, in an enclosed chamber, and the flam- 
ing combustion gases are discharged from the. combustion 
chamber through a jet nozzle. The gun comprises a com- 
bustion chamber 50 formed within a cylindrical shell 51 
and a nozzle body 52 welded to the forward end of the 



lock nut 17. * Aft shell. . The combustion chamber 50 threadedly receives 

The injector 14 is stepped at 18 ; to provide a mixer w ^ its rear open end. an injector member 53 which has at 
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section 19 of reduced diameter that lies in radially 
inwardly spaced relation to. section 12 and terminates in 
an outlet 20 opening into the combustion throat 21 
constituted by the bore of barrel 13. The mixer 19 is 
spaced slightly from the tapered end wall of section 12 45 
to provide an annular passageway fox fluid flow from 
the annular space or chamber 22 around mixer 19 into 
the barrel 13, A fuel feed line 24 is connected with 
passageway 15 through a lateral port 23, and an oxygen 
feed line 25 is connected with chamber 22 through a 
lateral port 26. In order to secure flashback, of the 
flame, which is initially ignited outside the throat, into 
the throat 21, the minimum diameter of the outlet 30 
should not be substantially smaller than 0.02 inch. 

Coating material may be introduced into the burner in 
comminuted form, as . a suspension in the fuel or in the 
oxygen or as a suspension in the combustible mixture; 
In the embodiment shown in Fig. 1, comminuted mate- 
rial is conveyed by a carrier gas, such as hydrogen, into 
a nipple 27, threadedly received into the head of a 
centrally open adapter plug 28 that closes the rear end 
of passageway 15. The nipple has its rear protruding 
end adapted to be connected to the source of coating 
material and. has fitted into its forward end a forwardly 
• extending hollow stem 29 that projects into passageway 
15 at least beyond the lateral fuel feed port 23 and 
delivers carrier gas and entrained coating material to 
mixer section. 19. . . 

Fuel and oxygen are supplied to the throat under 
pressure, preferably at least 15 pounds per square inch 
gauge.. As the particle^auTying fuel enters the combus- 
tion throat 21, it- mixes intimately with the oxygen in 
the rear portion of throat 21 to form, a stream of com-, 
bustible mixture which starts to burn soon after mixing, 
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in its rear open end an injector member 53 which has at 
its end remote from the combustion chamber a tapped 
bore 54 into which an adapter 55 is threaded. The for- 
ward portion of bore 54 is tapered convergently toward 
a restricted injector throat 56 which forms an entrance 
into , the relatively large combustion chamber 50.. The 
forward parts of the combustion chamber walls con- 
verge forwardly toward the throat 57 of a divergent dis- 
charge nozzle 58 whose exit passageway flares outwardly 
and forwardly. 

An oxidizing agent such as gaseous oxygen with pow- 
dered coating material suspended therein is injected un- 
der pressure, preferably 15 pounds per square inch or 
more, through throat 56 into the combustion chamber 50 
by an injector 59 which is threaded into an oxygen sup- 
ply duct 49 centrally disposed in adapter 55. Injector 
59 projects into the tapered portion of bore 54 in axial 
alignment with throat 56 and combustion chamber 50 and 
terminates in a frusto-conicai head 60 that is spaced from 
tapered walls of bore 54. to provide an annular passage- 
way 61 for fluid from bore 54 into the throat 56. A 
fuel such as acetylene is delivered concurrently but sep- 
arately under pressure, preferably the same pressure as 
the oxygen, to the combustion chamber through, an ec- 
65 centrically arranged fuel supply duct 62 in adapter 55, 
the open portion of bore 54, passageway 61 and throat 
56. The fuel and coating-particle-carrying oxygen mix 
intimately together in passing through throat .56, and the 
mixture under pressure burns vigorously in combustion 
chamber 50, producing large volumes of flaming com- 
bustion gas which flow. at high velocity through the noz- 
zle 58, carrying the coating particles with them. In this 
way the coating particles are entrained in the directed 
flame jet provided by the discharged gases, which imparts 
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and acetylene were used. The coatings were made in 
the form of buttons on a flat workpiece. 



Workplace 



Powder 



Plating 
Adherence 1 



Steel Alumlraim. 

Do . Cobalt 

TtoV.l ii Copper. 

do~~~™"~ Kickeir~""~~i~ 

Doll sffleon (-200 mesh)--- 

rSr Oo 7-8M mesh).. . 

do:::::::::::::: Tm^tS cWbile +k 00 <-s mi. 

Do... tS»& carbide +13% Nl C— 10 

niicron). ' . 

Do j Tungsten carbide +20% Ag (—20 

micron)* 

Do Chromium carbide . +16% Nl (-10 

micron) » " 

Copper - I Tungsten carbide +?%po--- r ---- 

StSSess Steel Tungsten carbide. +3%.Oo (-825 

mesh). 



Pair. 
Good. 

Do. 

Do. 

Do. 
Fair. 

ExcclUmt. 
Good. 
Do. 

. Do. 

Do. 

Excellent. 

Pair. 
Good. 
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An example of the performance of the present inven- 
tion is ita capacity for depositing , a substantially non- 
porous coating of a high melting point, abrasive-resistant 
hard material such as tungsten carbide compositions. 
Using a spray gun of the type shown in Figure 1, a tung- 
sten-carbon-cobalt composition containing about 4% car- 
bon and 9% cobalt, in a finely divided powder of the 
order of 325 mesh was fed into the burner of the gun 
at a rate of 15 pounds per hour in a hydrogen earner 
gas of 60 cubic feet per hour. Acetylene and oxygen 
at 35 p. s. i. g. were fed to the burner in a ratio of 1.4 
cubic feet of the latter to 1 cubic feet of the former at 
a combined rate of 600 cubic feet per- hour. The work- 
piece a cylindrical steel piece Vi inch in diameter and 
1V4 inches in length was rotated at 150 revolutions per 
minute and advanced Vfe inch per revolution past the 
burner outlet, with a standoff distance of 4 inches. In 
this way the workpiece was coated with a thickness (on 
the radius) of 0.004- inch in about five seconds. The 
coated sample was ground and polished by known pro- 
cedures to a very smooth finish, the hardness of the sur- 
face being measured at 1200 Knoop. The gun employed 
had a water-cooled cylindrical nozzle %a inch inside di- 
ameter by 8 inches long. . 

The continuous nature of the present invention makes 
it possible to apply, a steady stream of coating particles 
against a surface with substantially uniform forces im- 
parted to the particles at all times. In this way, a uni- 
form non-porous coating can be spread over a surface in 
a relatively short period of operation. . . ' , 

in practice, the gun may be held in either a horizontal 
or vertical position, and the workpiece to be coated may 
be moved relative to the gun or the gun may be moved 
relative to the workpiece. Moreover, in the plating of 
certain types of work, for example plug gages the work- 
piece can be held and rotated in a chuck of the lathe 
while the gun is moved along the length of the plug. In 
this way, a uniform layer would be deposited on the gage. 

It will be understood that the new features of process 
operation , and gun construction herein disclosed may be 
employed in ways and forms different from those of the 65 
preferred embodiments described above, without depart- 
ing from the spirit and scope of the invention, as defined 
in the appended claims. 
What is claimed is: . 
1 A method of applying a surface coating to an object 
which comprises introducing a solid coating material and 
a fluid combustible mixture under , pressure into a con- 
fined combustion space, heating at least a portion of the 
coating particles to a high temperature by burning the 



such material, and thereafter propelling heated coating 
particles toward the surface of the object to be coated 
at a linear velocity greater than 500 feet per second by 
discharging the particle-carrying burning gases through a 
confined path in which such gases are accelerated to an 
exit velocity sufficiently high to impart such linear velocity 

t0 2* A P meSod as described in claim 1, wherein said 
solid coating material is in comniinuted form. 

3. A method as described in claim 1, wherem said 
solid coating material is in the form of a rod. 

4 A method of applying a surface coating to an object 
which comprises introducing a solid coating material 
and a fluid combustible mixture under pressure into a 
confined combustion space, heating at least a portion of 
the coating particles to a high temperature by burning of 
fluid combustible mixture in said space in the presence 
of such particles, and thereafter propelling heated, coat- 
ing particles toward the surface of the object to be coated 
in a iet flame having a linear exit velocity greater than 
2000 feet per second by discharging the particle-carrying 
burning gases through a confined path in which such gases 
are accelerated to such velocity. 

5 A method of applying a surface coating to an object 
which comprises mixing a fluid fuel and a combustion 
supporting agent to form a combustible mixture, intro- 
ducing a comminuted solid coating material into said 
mixture introducing combustible mature containing said 
conuninuted solid material into a confined combustion 
space, heating the coating particles to a high temperature 
bv burning the fluid combustible mixture in said space 
in the presence of such particles, and thereafter propelling 
heated coating particles against the surface of the object 
to be coated in a jet flame having a linear exit velocity 
greater than 2,000 feet per second by discharging the 
particle-carrying burning gases, through a confined path 
in which such gases are. accelerated to such velocity. 

6 A method of applying a surface coating to an object 
which comprises mixing a fluid fuel containing a com- 
minuted solid coating material with a combustion sup- 
porting agent, to form a combustible mixture, introducing 
combustible mixture containing said comminuted solid 
material into a confined combustion space, heating the 
coating particles to a high temperature by burning the 
45 fluid combustible mixture in said space m the presence 
of such particles, and thereafter propelling heated coat- 
ing particles against the surface of the object to be coated 
in a jet flame having a linear exit velocity greater than 
2 000 feet per second by discharging me particle-carrying 
burning gases through a- confined path in which such 
gases are accelerated to such velocity. m 

7 A method of applying a surface coating to an object 
which comprises mixing a fluid fuel with a combustion 
supporting agent containing comminuted solid coating 
material to form a combustible mixture, introducing com- 
bustible mixture containing said comminuted solid mate- 
rial into a confined combustion space, heating the coat- 
ing particles to .a high temperature by burning the fluid 
combustible mixture in said space in the presence of 
such particles, and thereafter propelling heated coaling 
particles against the surf ace of the object to be coated m 
a jet flame having a linear exit velocity greater than 
2 000 feet per second by discharging the particle-carrying 
burning gases through a confined path in which such 
gases are accelerated to such velocity. 

8. A method of applying a surface coating to an object 
which comprises mixing a fluid fuel and a combustion 
supporting fluid to form a combustible mixture, intro- 
ducing a carrier fluid containing cormninuted solid coat- 
ing material into one of such .fluids prior to mixing, 
introducing . combustible mixture containing comminuted 
solid material into a confined combustion space, heating 
the coating particles to a high temperature by burning 
the fluid combustible in said space in the presence; of 
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coating particles to a high temperature by bwnmg ; the ne ^ thereafter propelling heated coating 

fluid combustible mixture in said space m the presence of 75 sucn paxuciw, 
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particles against the surface of the object to be o flt «i 

2 OOO&et per second by discharging the^M^S 
burning gases through a confined path in wWch^udh 
gases are accelerated to such velocity 
wS;;A n,eth ° d 0f ^P?^ a surface coating to an object 
which comprises continuously introducing a fluid com 

^StoTT*?^™™ and * mat 
J?* .athroat combustion burner wherein combustion 

m.^-.?**"*- 1 "^ Pkce m ^ Presence^ tt^aS 
^Su , *S aSSn ? * e J*™*** gases containing 2 
particles through said burner, discharges oartcle-™^, 
uig burning gases from the burner ^devXttS 

mass^elS * 5^ flame inte usity aid aS 

faS d dlrectlng 8010 toward the sur- 

~««>aW. nbraae Sato Sr^'fi^.^™?™! 
f etbod "/applying a surface coating to an ob- 

onto such 

of the throat combustion chamber m*»„o *t ♦ Poruon 

SfdSirn ^ SE&ssa: str 

02 ! ^ combustion chamber having an oimeTauS 
tiL t » of said eEce ^ 

tion for discharging coating-partide^rryina bnrnirm 
f xTudL* andsai7*Lit «S cnaXf 

extendinrfrom said entrance portion to said outlet with- 
out constriction in cross-sectional area. 

13. A method of applying a surface coating of a metal 
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gases, introducing the particle^carrying fluid combustible 

S Sff 61 int0 a I combuS spacl 

heating the coating particles to a high temnerahire V™ 

tbe presence of such particles, and thereafter protecting 

■dL+«? i 8t at leaSt " tMr flo «*« temperature bv 
discharging the particle-carrying buraine eases in « r«„ 

so S S^l,^? 1 ^ en ^y to the partite 
wflH^aS at * e,r . tnera »al ««»«8y, the particles 
14 A Sn . Ch flow,n 8 temperature upon impact 

tnn«h« ° f applying a surface coating of a 

tides tr, o v! _ u " n s P»ce, Beating the coating par- 
S, a . high temperature by burning the fluid com- 
busfcble mixture in said space in the presence of ™a 

utcfJ^f^f surface of the object to be coated at at 
teast their flowing temperature by discharging the Wticte* 
carrying burnmg gases in a confined pafe in whkHnch 
^es are accelerated to an exit velocity impS 8u ffi_ 
St?r Vh net,C to P^'Ccs so Sat, tSeV wuh 

3fi « ^ mer ^ *c particles win be at leLTat 
35 such flowing temperature upon impact. 

havL at S «P™y P« comprising a hollow member 
f°^« a l along a portion of its length an internal 
r b ™ n , throat passage defined by^aSs extending 
40 20116 at one «o to an outlet at iS^tto 

o^et^oTSnSr - fr0ln *• *** 201,6 «S£- 
SSW^ ,TOMe ^ area and 
»™g at least .02 mch in diameter downstream of said 
mkt zone, means for supplying fluid combSelo laid 
fl^S ^ compnsing .first and second conduits suppS 

dmts termmadng respectively in delivery orifices ^£ 
Posed adjacent each other and said inleT ztme^h 
2^^,.*c^. said dehvery oSc^eS 5 
ranged for delivering the oxidant and fuel streams to 
intersect, at a substantial angle to each oXr^or^a D &- 
maing and combustion in said throat p^a«- and^nS 
for mfroducing solid material into. sKt^aTc^C 
^ ™ ge whef cm the material b h eat^i to t 

P ^ tarc . and parQcle burning gSes are 

discharged from the outlet in a jet flame. S 816 

16. A flame spray gun according to claim 15 in which 
to fcS* iDtr0dUcia8 *> M niaLial comprises mSs 
sSdo^nt I ST mmat6d soUd mate rial with onfof 
said oxidant and fuel gas streams to said inlet zone. 
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